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Epidermis is rather well suited for chemical investigations since it consists
of cells derived from a single type, and this tissue is avascular and alymphatic.
Histologically epidermis is quite complex since it is characterized by cells repre-
senting all stages of differentiation from the basal cells to those which have be-
come completely cornified. The various degrees of differentiation exhibited by
epidermal cells are excellent and rewarding subjects for biochemical investiga-
tion. Keratinization occurs concomitantly with differentiation; it apparently be-
gins in the lower layers of the epidermis, and it is completed in the protective
coating of keratin (1).
Although there is some data on the general chemical composition of epidermis
(2), very little is known at the molecular level concerning the nature of the pro-
teins and lipids of this tissue. Rudall has made the most significant contributions
to the study of proteins of mammalian epidermis, particularly on the structural
proteins of this tissue (3). Rudall employed cow snout epidermis which is some
1.5 mm. thick, is practically hair-free, and is low in lipids (3). This investigator's
studies resulted from earlier observations of Giroud and Champetier (4) and by
Derksen et at. (5) who demonstrated that the Malpighian cells and corneum of
mammalian epidermis contain a protein which gives an a-type X-ray diffraction
pattern. Derksen et al. (5) further showed that the a-diffraction pattern of these
epidermal strata upon stretching gives the f3-diffraction pattern. These X-ray
diffraction patterns of mammalian epidermis were the same as those found by
Astbury and his co-workers for the keratin-myosin-fibrin group of proteins (6).
Astbury has also demonstrated that the a-diffraction pattern is characteristic
of the hard and soft keratins of mammals, amphibians, fishes, birds and reptiles
whereas the (3-diffraction pattern is peculiar to the hard keratins of feathers,
scales, scutes, beaks and claws of birds and reptiles. The a-diffraction pattern
is considered a property of folded polypeptide chains in the protein molecule
whereas the (3-diffraction pattern is that of fully extended polypeptide chains (7)
Rudall was able to extract from beef snout epidermis with a 6 M urea solution
a fibrous protein which he called epidermin (3). Films of this protein showed an
a-type diffraction pattern. A non-fibrous protein was also extractable with the
6 M urea solution and films of this protein gave a (3-diffraction pattern. Both of
these proteins were partially purified by dialysis of the urea extractable material
from epidermis; this procedure was followed by re-solution and then reprecipi-
tation of the fibrous and non-fibrous proteins at their isoelectric points of about
pH 5.5 and pH 4.5 respectively. An interesting aspect of Rudall's studies was
that the outer, middle and inner layers of the Malpighian layer contained both
proteins. The non-fibrous protein of the outer level of this stratum contained
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more sulphur than did a protein of somewhat similar properties of the inner
stratum. The sulphur content of the fibrous protein of the outer layer was less
than that of the fibrous protein extractable from the inner level of the epidermis.
Rudall carried out extensive studies on the X-ray diffraction patterns of the
fibrous protein in both its a and j3 forms and he also investigated thermal con-
traction of this protein and of the various layers of the stratum Malpighium.
Rudall found that the non-fibrous protein formed fragile fibers which could not
be stretched.
In the present investigation, the entire snout epidermis was employed instead
of its various layers since our primary interest is to study the properties and
synthesis of the fibrous and non-fibrous proteins of human and mouse epidermis,
both normal and pathological. The epidermis of these species, except on certain
regions of their bodies, is so thin that separation of the various strata would be
most difficult. To circumvent in part this difficulty, epidermis in various degrees
of differentiation will be employed. For example, mouse epidermis is undifferen-
tiated and it should supply evidence as to the nature of the fibrous and non-
fibrous proteins at a level somewhat comparable to that of the inner layer near
the basal portion of beef snout epidermis. More highly differentiated epidermis
such as is found in man (including plantar and palmar surfaces) and in other
laboratory animals may permit characterization of these proteins at higher levels
of the stratum Malpighium.
The present report deals with further characterization by electrophoretic
analyses of the fibrous and non-fibrous proteins of the epidermis of beef snout
and of mice; the extraction of epidermal proteins with detergents and the influ-
ence of the latter on the fibrous and non-fibrous proteins.
METHODS
Since comparatively large amounts of the epidermal proteins were needed for electro-
phoresis, the epidermal samples (from many snouts) were pooled. The latter were ob-
tained fresh at the slaughter house and were kept cold in ice water until they were taken to
the laboratory. Nearly all of the dermal muscle, connective tissue, etc. of the snouts was
removed with a sharp knife. Then the epidermis was removed from the remaining dermis
at 500 C. on a warm plate by means of a sharp scalpel or with the latter instrument at
room temperature. The epidermis was then cut into small pieces and dropped into one of
various solutions for extraction of the proteins.
The methods given below were found to give the best yields of the fibrous and non-
fibrous proteins and are given in some detail. Lots of 40 to 100 grams of beef snout epidermis
in 400 ml of a 6 M urea solution were homogenized in a Waring blendor, and the homogenate
was stirred for 2 hours at room temperature with a Magne-stirrer. Some of the epidermal
samples were extracted at 00 C. and some at room temperature. The homogenate was cen-
trifuged for 15 minutes at 1500 rpm, the residue was washed with 25 to 50 ml of 6 M urea
and the mixture was then centrifuged again. The combined urea solution of the proteins
was filtered with suction through a sintered glass filter, and the filtrate was dialyzed against
large volumes of distilled water (pH 7.4). The water was changed frequently. A jelly-clot
like material came out of solution upon dialysis. The pH of the protein solution was lowered
to 6.3—6.5 by the addition of 1 N HC1. After complete flocculation the pH was adiusted to
6.3, and the stringy, jelly-like precipitate was separated by centrifugation at 1500 rpm for
15 minutes. The pH of the supernatant was then slowly lowered top11 5.5—5.7. When floccu-
lation of the protein was complete, the pH was again adjusted to pH 5.5 and the fibrous
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protein was separated by centrifugation nt 1500 rpm for 15 minutes. To the supernatant
solution 1 N HC1 was added until the pH reached 4.5 to 4.7. After flocculation of the non-
fibrous protein, the pH was again adjusted to 4.5 and the protein was separated by cen-
trifugation at 1500 rpm for 15 minutes.
The fibrous protein was purified using a modification of the procedure of Itudall (3).
The protein was homogenized in 6 M urea in an all-glass homogenizer and then placed in a
refrigerator for 24 hours. The urea solution of the protein was dialyzed against distilled
water of pH 7.4. The pH of the dialyzed protein solution was lowered to 6.3—6.5 with the
addition of 1 N HC1. After standing for 1 to 2 hours, the pH was adjusted to 6.3, and the
protein was separated by ccntrifugation at 12,000 rpm for 20 minutes. By centrifugation at
this high speed, some melanin-like material and a small amount of insoluble protein were
removed. The pH of the supernatant was lowered to 5.5—5.7, and then was adjusted again
to 5.5 after complete flocculation of the fibrous protein. The latter was separated by cen-
trifugation at 1500 rpm for 15 minutes. The protein was then homogenized with distilled
water, and the pH was raised to 7.5-7.8 with 1 N NaOH. The aqueous solution of the fibrous
protein was centrifuged at 12,000 rpm for 20 minutes. The pH of the supernatant was then
lowered to 6.3, and centrifugation repeated at 12,000 rpm for 20 minutes. The pH of the
supernatant was lowered to 5.5, and after complete flocculation, the protein was separated
by centrifugation at 1500 rpm for 15 minutes. The process of homogenization with water,
adjusting the homogenate to pH 7.4, centrifugation at high speed, adjusting the pH of the
supernatant to pH 6.3, centrifugation, and then adjusting the pH again to 5.5 was repeated
three times. The purified fibrous protein was stored in the moist state at 00 C.
The non-fibrous protein of isoelectric point of pH 4.5 was purified using a slightly modi-
fied form of Rudall's procedure (3). The protein was homogenized in an all-glass homo-
genizer with distilled water and the pH of the homogenate was raised to 7.5—7.8 by the
addition of 1 N NaOH. The aqueous solution of the protein was centrifuged at 12,000 rpm
for 20 minutes. To the supernatant was added 1 N HC1 until a pH of 5.5 was reached. Any
proteins fiocculating at this pH were removed by centrifugation at 12,000 rpm for 20 min-
utes. The pH of the supernatant was then lowered to 4.5—4.7, and after flocculation was
completed, the pH was again adjusted to 4.5, and the non-fibrous protein separated by
eentrifugation at 1500 rpm for 15 minutes. This process of purification of the non-fibrous
protein was repeated three times. The purified protein was stored in the moist state at 00 C.
Proteins from the epidermis of nearly 600 Bagg Albino, Swiss and C3H strains of mice
were also extracted with a 6 M urea solution. The epidermis was removed as previously
reported (8). Since a large number of mice was needed to obtain sufficient epidermis to
yield appreciable quantities of the proteins, the epidermis was collected at intervals, pooled
and stored in a 6 M urea solution at 0° C. for periods from 1 to 2 months. The fibrous and
non-fibrous proteins were isolated and purified by the same procedure as was employed for
beef snout epidermis, except that the tissue was not homogenized.
Since Rudall's investigations indicated that some of the properties of the proteins of
epidermis varied with the length of time of their contact with 6 M urea (3), the effect of the
latter and of detergents was studied on the very insoluble protein material of isoelectrie
point of pH 6.3. This protein mixture was homogenized with 0.1 M Lathanol Lal (lauryl
sulfo acetate) and left at room temperature for 9 days at which time practically all the
protein had gone into solution. The protein-detergent solution was acidified to pH 6.5 by
the addition of dilute HCI. The detergent was then precipitated with 0.15 M BaCh and the
barium-detergent complex was removed by centrifugation. The supernatant was dialyzed
against distilled water of pH 7.4 to remove excess barium. To the dialyzed protein solution
was added 1 N HCI until flocculation occurred. The sample of the protein mixture of iso-
electric point of pH 6.3 which was dissolved by Lathanol Lal gave a precipitate at pH 3.5
to 3.7. After flocculation of this protein was complete the pH was adjusted to 3.5 and the
protein was isolated by centrifugation at 1500 rpm for 15 minutes. The protein was purified
by repreeipitation three times at its isoeleetrie point from a solution in distilled water at
pH 7.2—7.4.
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Several samples of the insoluble protein mixture of isoelectric point of pH 6.3 were also
homogenized with a 6 M urea solution (10 cc per gram protein) and were then left at room
temperature for 14 to 21 days. After dialysis, proteins insoluble at pH 4.5, 5.1 and 5.5 were
obtained. These proteins were purified by repeated reprecipitation from solutions in dis-
tilled water at pH 7.2 to 7.4. The purified proteins were stored in the moist state at 00 C.
The effectiveness of some other solutions in extracting proteins directly from epidermis
was also studied. Solutions of sodium lauryl sulphate of concentrations of 0.02 M, 0.05 M,
0.1 M, 0.2 M and 0.5 M were added directly to beef snout epidermis. Each sample was
homogenized, stirred, centrifuged and filtered as previously described. The detergent was
then precipitated with barium chloride, the barium-detergent complex was removed by
eentrifugation and excess barium was removed from the supernatant by dialysis against
distilled water of pH 7.4. A protein insoluble at pH 3.5 was obtained from the dialyzed
solution. This protein was purified by repeated reprecipitation at pH 3.5 from its solution
in distilled water at pH 7.2—7.4. The purified protein was stored in the moist state at 0° C.
Water of pH 7.4 was also used as an extractant of epidermal proteins. Samples of epi-
dermis in water were homogenized, stirred, and then filtered. The filtrates were concen-
trated to a small volume or dried at 0° C. in vacuo. Solutions of these mixtures were then
dialyzed against phosphate buffer at 0° C. for electrophoresis.
Electrophoresis was used as a technic in this study because of its effectiveness in follow-
ing the modifications of protein structure. Eleetrophoretie determinations were accom-
plished with a Perkin-Elmer Model 208 electrophoresis apparatus which employs the
Longsworth scanning system. Standard eleetrophoretic technics were used (9, 10). Samples
TABLE I
Effect of the extraction procedure on the mobitities of beef snout epidermal proteins
I 1 Point
.
o ro e,no Extraction Procedure
Mobility—M(cm.'
voir' X 10')
(neoceoding Limb)
Non-fibrous
pH 4.5 Epidermis extracted with 6 M urea for 1 month
at 00 C.
2.9
pH 4.5 Epidermis extracted with 6 M urea for 6 days
at 00 C.
2.8
pH 4.5 Epidermis extracted with 6 M urea for 3 weeks
at 28° C.
4.5
pH 4.5 pH 6.3 protein* extracted with GM urea for 3 days
at 28° C.
4.1
pH 4.5 Epidermis extracted with 10 M urea for 10 days
at 00 C.
3.3
Fibrous
pH 5.5 Epidermis extracted with 6 M urea for 1 month
at 0° C.
2.8
pH 5.5 Epidermis extracted with 6 M urea for 3 days
at 0° C.
2.8
pH 5.5 Epidermis extracted with 6 M urea for 3 weeks
at 28° C.
4.8
pH 5.5
pH 5.5
pH 6.3 protein0 extracted with 6 M urea for 3
days at 28° C.
Epidermis extracted witb 10 M urea for 10 days
at 0° C.
4.4
3.4
* Protein of isoelectrie point of pH 6.3 isolated from epidermal extract with 6 M urea for
4 days at 0° C.
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of the various proteins were dialyzed against buffer solutions except in the case of mixtures
of protein and detergents where there was a possibility of the loss of detergent through
the Visking tubing used for dialysis. Protein concentrations were determined by drying an
aliquot of the protein solutions overnight at 105° C. These values were the same as those
obtained from total nitrogen X 6.25.
RESULTS AND DISCUSSION
The effect of the extraction procedure on the mobilities of the fibrous and non-
fibrous proteins is shown in Table I. Storage of the epidermis of beef snout in a
6 M urea solution at 00 C. for a month had little influence on the mobility of
these proteins as compared with shorter extraction periods at the same tem-
perature. Extraction of the epidermis at room temperature with a 6 M urea
solution for 3 days to 3 weeks increased the mobility of the proteins considerably
over that obtained from extraction at 00 C. Also, a 10 M urea solution at this
temperature as an extractant increased the mobility of both proteins. Treatment
of the insoluble protein mixture of isoelectric point of pH 6.3 with a 6 M urea
solution also gave higher mobilities for the two proteins than was found for the
latter extracted directly from epidermis in the cold with the same solution. Par-
tial solubilization of the protein mixture of isoelectric point of pH 6.3 with a
6 M urea solution gave rise to another protein of isoelectric point of pH 5.1. The
latter protein has never been detected in urea extracts of epidermis. Solutions
of the fibrous protein regardless of their mobility had a great tendency to form
fibers when their solutions were concentrated in vacuo at 00 C. or spun in the
ultracentrifuge.
The data in Table I indicate that concentrated urea solutions, which are
known to denature proteins (11), probably further disaggregate the epidermal
proteins as a consequence of continued action of urea at room temperature.
Mobility depends in a complex manner on ion charge, ion size and solution vis-
cosity. The increase in mobility exhibited by the more drastically treated pro-
TABLE II
Electrophoretie data of extracts of detergent treated beef snout epiderrnis*
0Extraction Procedure
Mobility—p(cm.' volt' sec.' X 10')(Descending Limb) at
1.50 C. 200 C.
Epidermis extracted with 0.02 M Na lauryl SO4 for 6
daysat28°C
Epidermis extracted with 0.05 M Na lauryl SO4 for 8
days at 28° C
Epidermis extracted with 0.05 M Na lauryl SO4 for 8
days at 28° C
Epidermis extracted with 0.1 M Na lauryl SO4 for 7 days
at 28°C
NalaurylSO4
5.1
5.9
7.5
18.1
13.6
27.0
* Samples were dialyzed to equilibrium against phosphate—NaC1 buffer pH 7.0, (c/2,
0.20).
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teins listed in Table I is probably due to the further unfolding of the poly-
peptide chains. This process results in the production of additional charged
groups and decrease in ion size. In other words the increase in mobility is due to
disaggregation of the native protein. This disaggregation is further substan-
tiated by the fact that the insoluble protein of isoelectric point of pH 6.3 can
be further split by urea into proteins of isoelectric points of pH 4.5 and 5.5, the
latter having great fiber forming tendency. The investigations of Rudall (3) and
of Mercer (12) indicate that the initial proteins extracted from epidermis with
concentrated urea solutions are complex. The complexity then decreases follow-
ing continued action of urea upon the proteins.
The mobilities of the proteins of isoelectric points of pH 4.5 and 5.5 of mouse
epidermis were respectively 4.0 and 2.5 cm2 volt—' sec.—' X 10' at 1.50 C. Mouse
epidermis contained much more of the protein of isoelectric point of pH 4.5 than
of the protein of isoelectric point of pH 5.5, whereas beef snout epidermis con-
tained more of the latter protein.
Since detergents are known to be effective agents for denaturing proteins
(11, 13), solutions of sodium lauryl sulphate were employed as extractants of
epidermal proteins. The mobility of the protein detergent solutions of epidermis
(Table II) was detergent concentration dependent. This increase in mobility
may be due to the fact that the epidermal proteins were further denatured or
combined with detergent in various ways. The mobility of the detergent, sodium
lauryl sulphate at 00 C. has been determined experimentally to be 18.1 cm'
volt—' see.—' X 10'.
Since these experiments (Table II) revealed that detergent was capable of
extracting proteins from epidermis, the proteins were isolated as described above,
under Methods. The mobility of the protein of isoelectric point of pH 3.5 was
nearly independent of the concentration of detergent, sodium lauryl sulphate
TABLE III
Electrophoretic data of a protein of isoelectric point of pH 3.5 isolated from detergent
epidermat e.rtraets5
1 psoeecrsc OUS
u ro em
Extraction Procedure
Mobility—5(cm.'
volt' sec.' X 105)
(Descending Limb)
pH 3.5
pH 3.5
pH 3.5
pH 3.5
Epidermis extracted with 0.02 M Na lauryl 504
for 6 days at 28° C.
Epidermis extracted with 0.2 M Na lauryl SO4
for 6 days at 28° C.
Epidermis extracted with 0.5 M Na lauryl 804
for 5 days at 28° C.
Proteint of isoelectrie point of pH 6.3, ex-
tracted with 0.1 M Lathanol Lal for 9 days
at 28° C.
5.4
5.1
5.0
5.3, 6.2
* Samples were dialyzed to equilibrium against phosphate—NaC1 buffer pH 7.0, (172,
0.20). Mobilities determined at 1.5° C.
t Epidermis extracted with 6 M urea for 1 day at 0° C.
Main peak.
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(Table III). The protein of isoelectric point of pH 3.5 which was isolated from
the insoluble protein of isoelectric point of pH 6.3 with Lathanol Lal had a
mobility (main peak) of greater magnitude than the protein extracted with so-
dium lauryl sulphate. The results in Table III indicate that sufficient detergent
was available at a 0.02 M concentration to saturate the protein since higher
detergent concentrations had no further appreciable effect upon its mobility.
The mobility of the protein detergent complexes shown in Table II may have
increased with increasing detergent concentrations as a result of a further de-
naturation of the epidermal proteins. A constancy of the mobilities indicates
complete removal of the detergent by barium chloride (Table III). It is most
unlikely that this protein is similar to the proteins extracted from epidermis
with a 6 M urea solution.
The influence of the detergent sodium lauryl sulphate on the purified fibrous
and non-fibrous proteins was also investigated by electrophoresis. The detergent
concentration was kept constant at 0.3 per cent and the protein concentration
was varied from 0.48 to 1.47 per cent. The protein detergent solutions in phos-
phate buffer—NaCl of pH 7.4 (F/2, 0.2) were allowed to stand overnight at
00 C. in 12 ml centrifuge tubes in a refrigerated centrifuge. Any excess detergent
which came out of a solution with a low protein detergent ratio was separated
by centrifugation. The solutions thus obtained were used directly for electro-
phoresis.
TABLE IV
Electrophoretic analyses of (beef snout epidermal) fibrous protein—Na lauryl sulphate mixtures
in phosphate buffer—NaG1 of pH 7.4, (F/2, 0.2) at 1.50 C.
Protein Concentration Expressed
in Grams %
Detergent Concentration Expressed
in Grams %
MobiIity_(cm.2 volt' sec.1 X 1O)
(Ascending Limb)
0.59 0.0 3.5
1.47 0.3 6.0
6.4
8.2
0.80 0.3 6.8
7.4
8.8
9.4
0.64 0.3 7.4
8.1
9.3
9.8
0.48 0.3 7.6
8.3
9.9
10.3
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FIG. 1. Electrophoretic analyses of beef snout epidermal fibrous protein—sodium lauryl
sulphate mixtures in phosphate buffer—NaCl of pH 7.4 (F/2, 0.2) at 1.5° C.
Mobilities of the fibrous protein of beef snout epidermis and the detergent
complexes of this protein are shown in Table IV and tracings of the electro-
phoretic patterns are given in Figure 1. At a concentration of 1.47 per cent pro-
tein and 0.3 per cent detergent, the mobility of the main peak has increased
significantly and the appearance of the second peak was evident. At a protein
TABLE V
Electrophoretic analyses of (mouse epidermal) non-fibrous protein—Na lauryl sulphate mixtures
in. phosphate buff er—NaC1 of pH 7.4, (r/2, O.2) at 1.5° C.
Protein Concentration Expressed
in Grams %
Detergent Concentration Expressed
in Grams %
Mobility_5(cm.2 volt' sec.1 X 10)
(Ascending Limb)
0.92 0.0 4.3
1.26 0.3 8.3
9.9
10.3
0.84 0.3 9.0
10.1
10.5
0.42 0.3 9.1
10.6
0587% PROTEIN
I.47%PROTEIN
+
O.3%DETERGENT
0.8% PROTEIN
+
0.3% DETERGENT
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F'tc. 2. Electrophoretic analyses of mouse epidermal non-fibrous protein—sodium lauryl
sulphate mixtures in phosphate buffer—NaC1 of pH 7.4 (r/2, 0.2) at 1.5° C.
concentration of 0.8 per cent the appearance of several peaks became manifest.
At the lowest protein detergent ratio there were two sharp peaks of protein
detergent complexes and a broader pattern of less well defined protein detergent
complexes.
Mobilities of the protein detergent complexes of the non-fibrous protein of
mouse epidermis are shown in Table V and electrophoretic tracings are given in
Figure 2. The mobility of the protein has increased significantly in a solution of
TABLE VI
Eiectrophoretic analyses of (beef snout epidermal) non-fibrous protein—Na lauryl sulphate
mixtures in phosphate buff er—NaC1 of pH 7.4, (172, 0.2) at 1.5° C.
Protein Concentration Expressed
in Grams %
Detergent Concentration Expressed
in Grams %
Mobility—5(cm.° volti sec. X 1O)
(Ascending Limb)
0.53 0.0 4.5
1.31 0.3 7.5
8.3
9.2
11.3
0.87 0.3 7.6
8.7
10.2
10.4
0.44 0.3 9.2
11.3
11.5
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1.26 per cent protein and 0.3 per cent detergent. The nature of the protein de-
tergent complexes formed in the 0.84 per cent protein solution appeared to be
remarkably similar to that of the beef snout epidermal fibrous protein at a con-
centration of 0.48 per cent. Finally the protein solution of low protein detergent
ratio had mainly one detergent protein complex. Mobilities of the protein deter-
gent complexes of the non-fibrous protein of beef snout epidermis are shown in
Table VI. The mobility of the pure protein is that obtained from another sample
of epidermis which was extracted under similar conditions to that employed for
the detergent binding experiments.
It is quite evident from the data presented above that the fibrous and non-
fibrous proteins of epidermis are subject to further denaturation by detergents.
Although urea appears to bring about the disaggregation of the pre-keratin pre-
cursors of epidermis (3, 12), in all probability, forms of the fibrous and non-
fibrous proteins can be obtained under certain conditions in fairly well charac-
terized types as was found by Rudall (3) and by the results of the investigations
reported here. The fact that these two proteins can combine with detergent to
form several complexes is indicative that they are rather complex structures.
Rudall (3) and Mercer et al (12) indicate that the molecular weight of the
fibrous protein is of the order of 60,000. Detergents may be of some use in learn-
ing more about the structure of epidermal proteins from studies of the complexes
formed (Figures 1 and 2). Finally it is apparent that the detergent-extracted
proteins are not the same as the urea-extracted proteins.
The interaction of proteins with detergents has interested many investigators.
An excellent review of these studies has been given by Putnam (13). Putnam
and Neurath found that sodium dodecyl sulphate combined with serum albumin
to form two relatively stable complexes, called AD, and AD2,, (14). The amount
of detergent bound in these two complexes, AD,, and AD2,,, corresponded re-
spectively to one half and to the total number of basic groups of serum albumin.
Lundgren et al., also showed that crystalline egg albumin, j3 lactoglobulin and
serum albumin (15, 16) bound sodium dodecylbenzenesulphonate to give well
defined complexes. The latter two proteins bound this detergent in ratios corre-
sponding to the tota' number of basic groups in the proteins. These studies of
Putnam et al. and Lundgren et al. indicated to them that an all or none binding
of the detergent to the native protein occurred.
Yang and Foster have questioned the all or none character of detergent bind-
ing to proteins (17). They suggest that the initial binding of sodium dodecyl-
benzenesulphonate by bovine plasma albumin is statistical in that the detergent
is first distributed at random over all of the albumin molecules. This distribution
of the detergent induces some loosening of the tightly bound molecule which
is indicated by an increase in its mobility. Foster and Yang also found an in-
crease in the mobility of ovalbumin and bovine plasma albumin following bind-
ing with the cationic detergent, dodecyldimethylbenzylammonium chloride
(18). These investigators further postulated that the protein molecule is then
further denatured to give an all or none reaction by binding more of the deter-
gent. Finally at low protein detergent ratios the detergent is bound in an amount
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exceeding the number of basic groups of the protein to form loosely bound
detergent.
In agreement with the observations of Foster and Yang, our results (Figures
1 and 2) indicate a significant change in the mobility of the epidermal proteins
in solutions of high protein detergent ratios. Putnam and Neurath considered
the proteins they investigated under such conditions to be essentially native (14).
Water extracts of beef snout epidermis gave mobilities in phosphate buffer—
NaCl solution of pH 7.4 (F/2, 0.2) of 4.9, 8.8 and 9.8 (descending) and of 0.6,
1.3, 2.5, 4.0 and 4.7 (ascending) cm' volt—' sec.—' X 10'. From such a water
extract of epidermis a protein was isolated at pH 4.5. This protein had a mobility
(ascending) of 4.25 in phosphate buffer NaC1 solution of pH 7.4 (['/2, 0.2).
SUMMARY AND CONCLUSIONS
The experimental evidence to date indicates that the structural proteins of
epidermis are associated with the tonofibrils as the precursors of keratin (4, 19).
The tonofibrils may also play an important role in the adhesiveness of squamous
cells (20). Information concerning the role of the fibrous protein in keratiniza-
tion has largely accumulated from X-ray diffraction studies on epidermis and
hair follicles. Based on differences in the chemical behavior of the pre-keratins
of the hair follicle and the results of X-ray diffraction studies, Mercer has formu-
lated an interesting theory of the process of keratinization (21). In the lower
and intermediate layer of the Malpighian stratum the molecules of the primary
proteins of unknown shape or size may exist as organized particles of a corpus-
cular type protein. End to end linkage of the latter in the upper Malpighian
zone brings about the formation of a fibrous form of the protein. Since the protein
in fibrous form, in contrast to the hardened keratin, is digested with trypsin
and 2 N hydrochloric acid and is converted into the disorganized 3 form in
water at 90 to 950 C. for 30 seconds, Mercer postulates that this fibrous form
is held together by hydrogen bonds and salt linkages. The pre-keratin zone is
dissolved by a saturated urea solution, while in the area of keratinization this
solution causes swelling, the degree of which decreases as the hardening becomes
more complete. In the zone of keratinization the formation of disuiphide linkages
between the protein chains occurs since a reversal of the solvent action of urea
follows reduction of the —S-—S-— bonds by zinc and hydrochloric acid. Finally
stabilization or formation of true keratin by cystine bridges appears to be brought
about by the establishment of covalent links between the protein components
in the direction of the fiber. Recent evidence indicates that keratin contains
not only —S—S—— linkages but also sulfhydryl groups (22).
With modifications of the methods employed for the extraction of epidermal
proteins as reported in this paper together with the use of epidermis in various
degrees of differentiation, investigations are underway to learn more about the
process of keratinization. This process should involve the simplest keratin pre-
cursors of the inner levels of the epidermis to the more complex proteins of the
outer layers of this tissue. Less concentrated urea solutions than heretofore
employed or other reagents may be of use in the isolation of the pre-keratin
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precursors in a more native state. Little is known concerning the mechanism of
the synthesis of keratin and of the enzymes involved in this very important
process. Many skin diseases are characterized by abnormalities in keratinization
(23), and eventual solutions to these disorders must await further knowledge
of the biochemistry of keratin synthesis.
The conclusions of the studies reported in this paper may be summarized in
the following manner.
1. The effectiveness of concentrated urea solutions in the extraction of the
fibrous and non-fibrous proteins from beef snout epidermis has been investigated
by electrophoresis. Extraction of the tissue with 6 M urea solutions at 00 C.
gave mobilities of both proteins which were lower than those obtained by ex-
traction with the same solvent at 28° C. Also extraction of the epidermis with
10 M urea solutions gave mobilities of the fibrous and non-fibrous proteins
which were greater than those for the proteins extracted in the cold with 6 M
urea solutions. An insoluble protein of isoelectric point of pH 6.3 was also iso-
lated from beef snout epidermis with 6 M urea solutions. This insoluble protein
was further cleaved by 6 M urea solutions at room temperature to give three
proteins of isoelectric points of pH 4.5, 5.1 and 5.5. These results would seem to
indicate that this insoluble protein is a complex structure containing in part
proteins similar to those isolated directly from epidermis with 6 M urea.
Proteins were also extractable from epidermis with solutions of two deter-
gents, sodium lauryl sulphate and lauryl sulfo acetate. The protein isolated
from these detergent extracts appeared to be unrelated to the proteins extractable
from epidermis with 6 M urea solutions.
Electrophoretic investigations were also carried out on the binding of sodium
lauryl sulphate to the fibrous and non-fibrous proteins of epidermis. These
studies revealed that both proteins formed several distinct protein detergent
complexes. Electrophoretic data found for these protein-detergent combinations
substantiated the main results of Foster and Yang for more easily obtainable
pure proteins from other sources.
The importance of biochemical studies on the synthesis of keratin has been
discussed particularly since this process may be of great value for an under-
standing of the many diseases which afflict the skin and its appendages.
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